Since peptides have a very short half-life in vivo and aqueous, and liposome environments and RP-HPLC, respectively. The surface activities of these peptoids, are relatively expensive to synthesize and purify, there is great interest in developing nonnatural, sequencewhen combined with a lipid mixture that has been shown to mimic well the nonprotein fraction of LS [55], specific oligomers as protein mimics for therapeutic purposes [39] [40] [41] . We have been working with a family was investigated and compared to that of an SP-B 1-25 peptide mimic and the KL 4 peptide using a Langmuirof peptide mimics called "peptoids" (oligo-N-substituted glycines), which have the same backbone strucWilhelmy surface balance to obtain surface pressurearea isotherms, imaging by fluorescence microscopy to ture as peptides but have their side chains appended to the amide nitrogen rather than the α-carbon [42, 43] . examine film morphology, and a pulsating bubble surfactometer to study surfactant adsorption dynamics. Diverse peptoid sequences up to w40 monomers in length can be synthesized in good yield on a standard, The results reveal that these peptoids with relatively simple sequences show good mimicry of the essential automated peptide synthesizer, using a facile and relatively low-cost "submonomer" approach [43] [44] [45] [46] [47] .
surface-active behaviors of the SP-B 1-25 peptide, with mostly subtle but, in some cases, dramatic differences Peptoids are protease resistant due to the nonnatural placement of the side chain [45] , and although the in activity arising from their different structures. The surface-active behaviors of these simple peptoids also N-substituted glycine backbone is achiral, stable helical secondary structure can be induced sterically through seem to correlate with their extent of helicity and overall lipophilicity, with the most helical and lipophlic molethe inclusion of chiral side chains [48, 49] . NMR structural studies of a peptoid pentamer with bulky, arocule best mimicking the SP-B 1-25 peptide. matic, α-chiral side chains (i.e., with chirality introduced at the α-carbon) revealed a polyproline type I-like heliResults and Discussion cal structure with cis-amide bonds in the backbone, a helical pitch of w6 Å, and roughly three monomers per Design of Mimics SP-B is known to be essential to proper respiratory functurn [50]. X-ray crystallographic studies later showed that a peptoid pentamer with α-chiral aliphatic side tion and hence must be included or replaced with a functional mimic in an exogenous pulmonary surfactant chains forms the same type of helix with a slightly longer helical pitch (w6.7 Å) [51]. Peptoid helices in replacement for the treatment of respiratory distress syndrome. Although it is a relatively small protein at 79 both organic and aqueous solution are stable and robust, showing no significant denaturation at temperresidues, the complexity of its structure, in particular its multiple disulfide bonds, makes it challenging to atures of up to 75°C, even in the presence of 8 M urea in the case of water-soluble peptoids [46] . Studies of synthesize chemically and then obtain in a properly folded form. Therefore, various segments of SP-B in certain heterooligomeric peptoids revealed that helices are stabilized by the inclusion of (1) at least one-half combination with surface-active lipids have been investigated for their in vitro surface activity as well as their α-chiral side chains, (2) an aromatic, α-chiral face, and (3) an aromatic, α-chiral side chain at the C Peptoid-based SP-B mimics were designed to com-
CD Spectroscopy in Water and in Liposomes
The solution conformations of these SP mimics were prise three main structural features of the N-terminal protein segment that are thought to be important to its studied by CD spectroscopy. Figure 2A shows a comparison of the CD spectra obtained for the SP-B 1-25 function: (1) overall helicity, (2) overall lipophilicity, and (3) an amphiphilic patterning of cationic and nonpolar peptide and for peptoids 1, 2, and 3 in water at room temperature. We find that the SP-B peptide fragment faces on the helix, i.e., facial amphipathicity (Figure 1) . In order to maintain a stable, helical secondary struchas a spectrum that is characteristic of an unstructured, random-coil conformation under these conditure, we included the following sequence aspects in two of the peptoids (1 and 2, Table 1): (1) the inclusion tions. However, as expected, both 1 and 2 show α-helix-like spectral features (two minima at λ w202 nm of more than two-thirds α-chiral side chains, (2) the patterning of at least one α-chiral, aromatic face on the and w218 nm and a maximum at λ w192 nm) [ Figure 2B ). We chose a lipid formulation pated a slight "loosening" and lengthening of the helical structure relative to the peptoids for which the that has previously been shown to be a good mimic of the nonprotein fraction of LS, in particular DPPC: structures were solved, so the SP-B mimics were designed to be 17 monomers in length. α-helix-like features typically associated with helical peptides and peptoids of these classes. Interestingly and perhaps not unexpectedly, the CD spectrum of 2 appears to be an average of that of 1 and 3 in this lipid environment, most likely due to the inclusion of both aromatic and aliphatic side chains. For all compounds, the spectra in liposomes are substantially more intense and are shifted toward higher wavelengths, in comparison to those observed in water, implying greater helicity of all of these molecules in a lipid film. In addition, the spectral minimum at w220 nm for both 1 and 2 is more intense than that at w205 nm, corresponding to more stable helical structure for peptoids [49, 52] . This spectral feature is not observed in water, indicating that the lipid environment induces increased helical stability for these amphiphilic peptoids. In both aqueous and lipophilic environments, 1 and 2 appear to be substantially more helical than SP-B 1-25 ; previous studies have shown that peptoid helices can be formed at a shorter length than peptide helices due to the predominantly steric stabilization of peptoid folding [ At this point, it behooves us to note that the fundamental phase behavior of LS on a Langmuir trough, as it affects the shape of the Π-A isotherms, is not yet deeply understood; hence, it is not known for certain to what extent the small differences in the isotherms for the different peptides and peptoids might affect their in vivo efficacy as LS replacements (we intend to investigate this). This being said, we do observe some interesting trends, from which we believe we can infer the likely relative bioactivities of these different SP-B mimics. For both lipid/1 and lipid/2 films, there is a very pronounced plateau in the isotherm ( Figure 3A) , which is much more dramatic than that seen for either of the peptides and more similar to that observed for natural LS [57, 60] . We believe that this may be due to the greater stability of the helical structures of peptoids 1 and 2 as compared to SP-B 1-25 . On the other hand, it can be seen that KL 4 and peptoid 3 both show a kink in their isotherm but not a defined plateau. Peptoid 3 
